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AGING AND EMOTION RECOGNITION: AN EXAMINATION OF STIMULUS 
AND ATTENTIONAL MECHANSMS  
STEPHANIE N. SEDALL 
 
ABSTRACT  
 
Emotion recognition is essential for interpersonal communication. However, previous 
research has suggested that older adults are not as accurate as younger adults in 
recognizing certain emotions, particularly negative facial expressions of anger, fear, and 
sadness. Including additional contextual information (e.g., manipulation of certain facial 
features) might help us better understand these age differences. The present study 
investigated how potential age differences in emotion recognition are influenced by 
stimulus factors (target eye gaze direction) as well as facial viewing patterns, cognitive 
functioning, and physiological processes. A sample of younger and older adults viewed 
static facial expressions depicting anger, fear, sadness, happiness, and disgust while their 
eyes were tracked. For the eye tracking analyses, focus was placed on the proportion of 
time fixated on the eye vs. mouth regions of the face. This was implemented on account 
of previous research suggesting that certain expressions are best discriminated through 
the eye region (i.e., anger, fear, and sadness) or the mouth region (i.e., happiness and 
disgust). Overall, participants were more adept at recognizing happy expressions relative 
to all the negative expression categories, with anger being the least recognized. 
Surprisingly, older adults had higher recognition accuracy for fear faces with an averted 
gaze. In terms of fixation patterns, significantly greater fixation preferences for eye 
relative mouth regions was observed for sad, anger, and fear relative to happy and 
disgust, but this was mainly driven by the younger adults. However, fixation patterns 
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were not predictive of age effects regarding averted fear, or the age equivalence observed 
with the other facial categories. These effects could also not be easily accounted for by 
age differences in cognitive and physiological metrics. Rather, certain components of the 
task design (i.e., stimulus and response timing) might have impacted the recognition 
results. We frame our discussion in terms of how contextual and methodological factors 
can inform age-related trajectories in emotion recognition ability.   
Keywords: emotion recognition, aging, gaze direction, eye tracking, psychophysiology 
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CHAPTER I 
 
INTRODUCTION 
 
Emotion recognition is essential for interpersonal communication, with 
emotions being expressed through a variety of verbal and non-verbal cues  (Calder et 
al, 2010, Macrae et al, 2002, Ruffman et al., 2008). Difficulties in emotion 
recognition can lead to poor interactions and interpersonal dysfunction (Ruffman et 
al., 2008). Prior literature suggests older adults are less accurate than younger adults 
in recognizing certain facial expressions of emotion, namely negative expressions of 
anger, fear, and sadness (Slessor, Phillips, & Bull, 2010, Murphy & Isaacowitz, 2010, 
Mienaltowski et. al, 2013). Diminished recognition abilities could be consequential 
for interpersonal functioning in old age. Therefore, determining the causes and 
mechanisms underlying age differences in emotion recognition ability is essential for 
understanding general social and communicative behaviors across the lifespan. 
While age differences in emotion recognition have been observed in several 
studies, less is known as to why these differences emerge. One possibility is that 
recognition differences are attributable to general, age-related cognitive deficits 
(Suzuki & Akyama, 2013). While plausible, several studies do not observe this 
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association (MacPherson, Phillips, & Della Sala, 2002; Murphy & Isaacowitz, 2010; 
Phillips, MacLean, & Allen, 2002). Another possibility is related to motivational 
shifts in information processing goals in old age.  According to Socioemotional 
Selectivity Theory (SST: Carstensen, Isaacowitz, & Charles, 1999) older adults, due 
to limited time left in life, are motivated to pursue goals that are beneficial in the 
here-and-now, such as feeling good and being happy (Carstensen, Mikels, & Mather, 
2006). This goal is reflected in older adults’ preferences for engaging with positive 
and ignoring negative stimuli in their environment, also known as a “positivity effect” 
(Isaacowitz, Wadlinger, Goren, and Wilson, 2006; Mather & Carstensen, 2005; 
Mikels et al., 2005). However, while older adults are less adept at discriminating 
certain negative facial emotions (e.g., anger, fear, and sadness) compared to positive 
(e.g., happy), older adults do not necessarily have difficulty with all negative 
emotions, and in fact, might show superior recognition in certain cases (e.g., disgust; 
Calder et al., 2003; Ruffman et al., 2008)   
Apart from within-individual cognitive and motivational explanations, age 
differences in emotion recognition might be attributable to how emotional stimuli are 
constructed, how those stimuli are processed, and the resultant reactions elicited by 
those stimuli that might aid or hinder accurate recognition. For instance, certain 
contextual information might influence the nature of the expression (e.g., 
manipulation of certain facial features) in a way that could modulate age differences. 
Furthermore, whether individuals sufficiently attend to specific facial features that 
help discriminate certain expressions (e.g., eyes and mouth regions) could help 
explain age effects on recognition ability.  
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Visual Scan Patterns During Emotion Recognition 
Studies have suggested that visual scan patterns toward certain facial features 
could impact accurate facial emotion recognition (Sullivan, Ruffman, & Hutton, 
2007).  Specifically, attention toward the eye and mouth regions of the face may 
influence recognition accuracy. Certain emotions tend to be more or less 
distinguishable either via eye or mouth configurations. For instance, anger, fear, and 
sadness are easier to discriminate in the eyes whereas happiness and disgust are more 
easily distinguishable via mouth configurations. Evidence for this distinction comes 
from Sullivan and colleagues, who revealed that accurate recognition for certain 
negative emotions was negatively correlated with older adults’ looking patterns 
toward eye regions of the face. This would suggest that older adults’ deficiencies in 
recognizing certain negative expressions might be due to a lack of focus toward the 
eye regions. Additionally, Wong et al. (2005) revealed that accurate facial recognition 
for angry, fear, and sad faces was correlated with eye gaze patterns toward the upper 
halves of those stimuli (the portion that included the eyes). These fixation patterns 
could also account for age differences in recognition in that older adults make 
significantly fixate more toward the lower halves of faces (regardless of the emotion) 
compared to younger adults, who make more fixations to the upper halves of faces. 
However, the relationship between facial region scan paths and recognition are not 
always straightforward. For instance, Murphy and Isaacowitz (2010) found that 
younger adults were better at recognizing anger, fear, and sad expressions as 
compared to a group of older adults, and there were no age related differences in the 
recognition of happy and disgust expressions. Furthermore, younger adults fixated 
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significantly more towards eye regions than older adults during the recognition tasks. 
However, differences in fixation toward eye regions did not account for the age 
differences in recognition. While it is possible that older adults are not attending 
toward the eye region of the face, and perhaps missing various clues helpful for 
correct recognition, additional stimulus/task related factors might be at play. One 
reason that eye region processing might not help in certain cases is that certain eye 
configurations might be difficult to discern for certain expressions. For instance, gaze 
direction of a particular emotional face may not always correspond with how an 
intended emotion is typically perceived. Thus, manipulating the eye region of a target 
face in a way that provides a more ecologically valid facial construction might help 
individuals better discriminate among various negative facial expressions.  
Modifying Facial Features: Gaze Direction 
Accuracy in recognizing certain emotions has several behavioral implications, 
including cueing approach or avoidance actions. Facial expressions can either display 
an approach tendency or an avoidance tendency, which is modulated by target face 
gaze direction (direct vs. averted gaze). The ability to discriminate between direct and 
averted gaze may have evolved as a survival technique. Eye gaze direction not only 
supports information about a person’s intentions, but also their direction of action 
(Calder, et al., 2010). Thus, discriminating eye gaze direction should be an important 
component of emotion recognition.   
Certain emotions may be better categorized based on specific gaze directions. 
Adams and Kleck (2003) were the first to investigate the influence of gaze direction 
on younger adults’ emotion perception. They found that participants recognized angry 
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and happy faces more quickly when presented with direct (vs. averted) gaze, whereas 
fearful and sad faces were more quickly identified when presented with an averted 
(vs. direct) gaze.  For instance, an averted gaze that is associated with a fearful 
expression would signal something potentially dangerous in the environment. In 
contrast, a direct gaze for happiness may signal a copacetic relationship, which would 
be facilitated by engaging in a friendly conversation (Macrae, et al., 2002). According 
to the shared signal hypothesis, when eye gaze direction corresponds with 
motivational intent to approach or avoid, as conveyed by a specific emotion, 
perception of that emotion is enhanced (Adams & Kleck, 2005).  
Pairing gaze direction with the appropriate target expression might modulate 
age differences in emotion recognition. For instance, older adults might better focus 
upon and discriminate certain negative emotions (i.e., those better conveyed with the 
eyes) if changes in gaze direction make sense for a particular expression (e.g., averted 
gaze compared with a direct gaze).  
Physiology and Emotion Recognition 
Another potential mechanism underlying age differences in emotion 
recognition could include physiological systems that support social and emotional 
processing. The parasympathetic branch of the autonomic nervous system controls 
processes relevant to social communication, particularly through vagal influences on 
the heart. Porges’ (2007) Polyvagal Theory provides a framework for understanding 
neurophysiological mechanisms underlying effective social communication and 
behavior. The Polyvagal Theory describes three phylogenetic stages of autonomic 
nervous system development. Within the most evolutionarily recent stage, the 
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myelinated branch of the vagus nerve provides efferent control over the heart by 
regulating the heart’s “pacemaker” (i.e., the sinoatrial node). Quantification of this 
vagal control can be indexed via respiratory sinus arrhythmia (RSA), which refers to 
periodic fluctuations in heart rate that are linked to spontaneous breathing (Porges, 
1995). Specifically, RSA can provide an index of vagal control over the heart during 
rest. Higher RSA reflects greater vagal control of the heart, which is theorized to 
promote social communication. However, lower RSA indicates reduced vagal control 
of the heart that could inhibit socially engaging/communicative behaviors.  
Importantly, RSA provides a non-invasive measure for indexing potential 
neurobiological correlates of social engagement/competency (including accurate 
emotion recognition). To our knowledge, no previous studies have examined whether 
resting RSA patterns influence age differences in emotion recognition ability. Outside 
the context of adulthood and old age, previous research has observed associations 
between accurate facial recognition, heightened RSA, and increased fixation toward 
eye regions of facial stimuli among children with autism (Bal et al., 2010). Thus, 
given general age-related declines in resting RSA (De Meersman, 1993), it is possible 
that age-related decrements for certain emotional facial categories might be 
influenced by age-related differences in cardiac vagal control, along with diminished 
attention toward eye regions of faces inaccurately recognized.  
Current Study 
Age differences in emotion recognition are well established; what is less clear 
are the consistent mechanisms underlying these age differences. Older and younger 
adults performed a recognition task involving anger, happy, sad, disgust, and fear 
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facial expressions. We specifically examined how general age differences in emotion 
recognition are influenced by specific stimulus factors (eye gaze configuration within 
stimulus faces) and/or attentional or physiological correlates (visual fixation and 
resting RSA patterns). In line with previous literature (Slessor, Phillips, & Bull, 2010; 
Murphy & Isaacowitz, 2010), it was expected that younger adults would be better 
than older adults at recognizing anger, fear, and sadness (specifically with a direct 
gaze and perhaps even anger and sadness with an averted gaze). However, age 
differences should be attenuated for happy and disgust faces (likely more robustly for 
direct faces) and perhaps even averted gaze fear faces (given the added benefit of 
contextual information provided by an averted fear face).  
In terms of visual fixation patterns, young adults would likely show greater 
eye relative to mouth fixation for anger, fear, and sad faces. This is predicated on 
previous evidence showing that younger adults’ recognition accuracy for anger, fear, 
and sadness (compared with older adults) is associated with greater eye region and 
upper-half-facial visual fixation patterns (Sullivan et al., 2007; Wong et al. 2005). 
However, if older adults show enhanced recognition for fear faces with an averted 
gaze, they may demonstrate enhanced fixation toward the eye region for those faces 
as compared to direct-gaze negative faces (particularly directed fear).  
In terms of RSA patterns, given previous research revealing associations 
between RSA and accurate emotion recognition in other populations (namely children 
with ASD; Bal et al., 2010), it is possible that any age differences in emotion 
recognition could be accounted for by age trajectories in RSA. Given very little 
information regarding the link between resting RSA and facial emotion recognition 
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accuracy in aging, this will be a preliminary examination. In general, it is possible 
that any age differences in recognition performance could track with resting RSA in 
our younger and older adult sample. 
  
	  9	  
 
 
 
 
 
 
 
 
 
 
 
 
 
CHAPTER II 
 
METHODS 
 
 
Participants 
Twenty-four younger (aged 18-36, 8 male, 16 female, M = 20.67, SD = 4.26) 
and 31 older adults (aged 55-87, 13 male, 18 female, M = 65.71, SD = 8.72) were 
recruited as participants for the present study. Data from 7 older and 3 younger adult 
participants were excluded due to eye tracking issues (e.g., pupil occlusion, reflective 
eye wear, and other eye abnormalities). Thus, the final sample consisted of 21 
younger (aged 18-36, 7 male, 14 female) and 21 older (aged 56-81, 7 male, 14 
female) adults. All participants were screened for general health status, mood state, 
and cognitive abilities prior to the study session. This was done in order to control for 
a variety of covariates that might influence patterns of age differences in recognition 
ability (see Murphy & Isaacowitz, 2010). Younger adult participants were recruited 
from the SONA participant pool at Cleveland State while older adult participants 
were recruited from the greater Cleveland area. Participants received monetary 
compensation ($10/hr.) or course credit for their participation. Each participant 
	  10	  
provided informed consent prior to participation. The Cleveland State University 
Institutional Review Board provided administrative approval for the protocol.   
Measures 
Face Stimuli. Emotion recognition was tested using the Radboud Faces 
Database (RaFD: Langner et al., 2010). The RaFD includes a set of pictures from 67 
models (including Caucasian males and females) displaying 8 emotional expressions 
(anger, disgust, fear, happiness, sadness, surprise, contempt, and neutral). Each 
emotion is also shown with three different gaze directions (direct and left and right 
averted). The current study utilized 6 models (3 male and 3 female), each displaying 
expressions of happy, anger, fear, disgust, and sadness. Each model and emotion 
configuration included a direct gaze, gaze averted to the right, and gaze averted to the 
left. This provides a total of 80 trials for the present task (6 models x 5 emotions x 3 
gaze directions).  
Eye Tracker. A Sensomotoric Instruments (SMI) RED-M Eye Tracker was 
used to assess participants’ fixation patterns to faces during the recognition task. The 
RED-M system uses a Pupil-Centre Corneal Reflection method (PCC-R: Mason, 
1969). An infrared light is sent over the participant’s eyes, and gaze position is 
calculated by tracking reflections of a light source from the pupil in addition to 
reflections from the cornea. SMI Experiment Center was used for image presentation, 
and BeGaze software was used for analyses. Gaze was recorded at 120Hz and was 
converted to visual fixation data. Visual fixations were defined as gaze resting within 
1° visual angle of a predetermined area of interest (AOI) for at least 100 ms (Manor 
& Gordon, 2003). Three AOIs were constructed for the present study: (1) the eye 
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region was a rectangle overlaying an area from the highest eyebrow down to the 
bridge of the nose, across the entire width of the target face’s eyes; (2) the mouth 
region included another rectangle covering the entire mouth area from the bottom of 
the chin to below the nose, as well as the full lip width; (3) an “off” region included 
anywhere else outside of the established eye and mouth AOIs.  The main dependent 
variable of interest was percent fixation: amount of time fixated within the relevant 
AOIs compared to the amount of time fixated anywhere else on the screen. 
Participants were seated so that their eyes were level with the middle of a 22-inch 
computer monitor at a viewing distance between 50 and 70 cm. A four-point 
calibration procedure ensures that participants’ pupil positioning was adequately 
being recorded with the eye tracker. This calibration includes participants’ following 
a circular fixation point and placing their gaze within.1° of the center of the point at 
rest.   
Resting RSA. An electrocardiogram (ECG) was used to measure resting RSA 
(Bernston et al., 1997). A BIOPAC MP150 System (BIOPAC Systems, Inc., Aero 
Camino, CA) and AcqKnowledge 4.4 software were used for ECG recording and 
segmenting. All data were sampled at 2000 Hz and amplified and submitted through a 
.01 high-pass filter. ECG was recorded in a modified Lead-II configuration using 
three, Ag/AgCL vinyl electrodes on the chest. Frequencies between .15 - .40 Hz are 
indicative of RSA activity, and these were calculated in Kubios-HRV to obtain RSA 
values within this respiration band (calculated in mss and natural log transformed). 
Activity was calculated during a 3-minute free-breathing baseline period in order to 
obtain the resting RSA metric.  
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Cognitive and Affective Measures 
Individual differences in cognitive and affective states that could influence 
emotion recognition performance were also included. The affective measures 
included: a short form of the NEO-PI to asses the Big 5 personality dimensions 
(Goldberg, 1992); a measure of general affective state using the Positive and 
Negative Affect Schedule (PANAS: Watson, Clark, & Tellegen, 1988); a measure of 
depressive symptoms using the Center for Epidemiological Studies Depression Scale 
(CES-D: Radloff, 1977); a measure a state anxiety using the Spielberger State 
Anxiety Inventory (STAI Y-1: Spielberger et al., 1983); and a measure to assess 
individual differences in generalized optimism versus pessimism using the LOT 
(Scheier, & Carver, 1985). The cognitive battery included an assessment of dementia 
systems using the short form of the Mini-Mental State Exam (MMSE; Folstein, 
Folstein, & McHugh, 1975), and the Shipley Vocabulary test (Zachary, 1986) that 
was used as a measure of crystallized intelligence. General frontal lobe functioning 
was examined using measures compiled by Glisky et al., (1995).  A composite score 
was calculated from normed factor loading scores reported in Glisky and colleagues, 
as well as z-transformed scores from the present sample. The composite was derived 
from four tasks: backward digit span, mental control, verbal fluency, and mental 
arithmetic.  
Procedure 
After providing informed consent, participants were seated in front of the eye 
tracking computer monitor to prepare for the main experimental task. Each participant 
was tested individually in a sound-attenuated laboratory room. Participants were 
	  13	  
prepped, and electrodes were placed on the chest and upper abdomen. Next, 
participants went through the eye tracking calibration procedure and were given a 
brief overview of the recognition task. Baseline ECG measures (to examine RSA at 
rest) were then obtained for 3 minutes. Participants were asked to sit quietly and 
breathe normally during this time. After the baseline ECG measurement, participants 
were provided an instruction detailing the nature of the recognition task. Participants 
were instructed that they would view a series of faces displaying a variety of 
emotional expressions. Their task was to determine the appropriate label for that 
expression based on a series of options given once the face had disappeared from the 
screen. The instruction screen was present until the participant indicated that they 
understand the directions and was ready to begin.  
 Each trial began with a fixation cross presented on the center of the screen for 
10 seconds. The fixation trial was followed by an emotional facial expression that 
appeared for 2 seconds followed by a blank screen for 8 seconds1. Each stimulus trial 
included a face displaying anger, disgust, happiness, sadness, or fear, with one of 
three gaze directions (direct, left, right). The expression slide was followed by a 
forced-choice response list displaying “anger,” “disgust,” “happy,” “sad”, and “fear” 
labels. Participants made a mouse click on a screen corresponding to the relevant 
labels. Participants were given unlimited time to make their responses. After 
completion of the 80 study trials, participants were detached from the ECG recording 
equipment and debriefed on the protocol. The study session lasted approximately 1 
hour.  
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CHAPTER III 
 
RESULTS 
 
 
Cognitive and Affective Measures  
Potential age differences on any cognitive or affective measures were assessed 
in terms of how these variables might relate to either facial recognition accuracy or 
fixation preferences to the emotional face regions. As can be seen in Table 1, older 
adults scored lower on the Neuroticism, and higher on the Conscientious, subscales of 
the Big 5 personality inventory. Older adults also reported fewer anxiety and 
depressive symptoms, lower levels of negative affect, as well as more optimistic 
tendencies, as compared to younger adults. Finally, older adults outperformed 
younger adults on the frontal lobe (FL) task battery and the Shipley vocabulary 
measure, along with diminished resting RSA.  In terms of performance on the specific 
FL subscales, older adults significantly outperformed younger adults on the 
arithmetic test, F(1,40) = 13.46, p < .01, ηp2 = .25. 
Recognition Accuracy  
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Emotion recognition accuracy was assessed for each facial emotion category, 
separately for averted and direct faces. The proportion of correct relative to incorrect 
identifications determined accuracy. Analyses were collapsed across left and right 
gaze direction, as we did not have any a priori hypotheses regarding whether a 
leftward or rightward averted gaze would impact facial emotion perception. 
Proportional recognition accuracy scores were assessed with a 2 (Age: young v. old) 
× 2 (Gaze Direction: direct v. averted) × 5 (Emotion: happy, disgust, anger, fear, sad) 
repeated measures ANOVA. Results revealed a significant main effect of gaze 
direction, F(1, 40)= 8.94, p < .01, ηp2 = .18. Faces with an averted gaze (M = .89 ± 
.01) were better recognized than faces with a direct gaze (M  = .86 ± .01).  A main 
effect of emotion also emerged, F(4, 160) = 17.90, p < .001, ηp2 = .31, whereby happy 
faces were better recognized than all of the negative emotion categories (all ps < .01 
Cohen’s d = .87 - 1.07). Anger was the least recognized compared to the other three 
negative emotion categories (all ps < .05; d = .39-1.09). A significant Gaze × 
Emotion interaction was identified, F(4, 160) = 4.59, p <.01, ηp2 = .10; however, this 
was qualified by a significant Age × Gaze × Emotion interaction, F(4, 160) = 2.76, p 
< .05, ηp2 = .07. To deconstruct this 3-way interaction, simple main effects analyses, 
using Bonferroni corrections for multiple comparisons, were conducted. In terms of 
age differences, older adults had higher recognition accuracy for fear faces with an 
averted gaze (M = .94 ± .03) in comparison to the younger adults (M = .84 ± .03) (See 
Figure 1). Thus, contrary to predictions, older adults did not show diminished 
recognition accuracy for the expected facial categories (i.e., anger, fear, and sadness) 
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and even superior performance where we assumed contextual information would be 
beneficial (i.e., averted fear faces).   
Fixation Patterns 
Initial viewing of the data revealed that, on the whole (and regardless of age), 
participants were spending more time fixating on eye relative to mouth regions of the 
face. Thus, we examined potential differences in the magnitude of this fixation 
pattern. Ratio scores were computed for eye relative to mouth fixation across emotion 
category and gaze direction. This score was computed as follows: (eye fixation – 
mouth fixation)/(eye fixation + mouth fixation), whereby 0 is the even point (no 
differences in fixation between eye and mouth regions); scores greater than 0 signify 
greater eye fixation, and scores less than 0 signify greater mouth fixation. A separate 
2 × 2 × 5 repeated measures ANOVA was conducted on these ratio scores. A 
significant main effect of emotion emerged, F(4, 156) = 17.57, p < .001, ηp2 = .31. 
Ratio scores were significantly more positive (indicating greater eye fixation) for all 
of the negative emotion categories relative to happy (all ps < .05, d = .04-1.28), as 
well as more positive for anger, fear, and sadness relative to disgust (all ps < .01, d = 
.43-.87). This main effect was qualified by a significant Age × Emotion interaction, 
F(4,156) = 3.23, p < .05, ηp2 = .08 (Figure 2). To deconstruct this interaction, 
additional simple main effects analyses, using Bonferroni corrections, were 
conducted. Here, younger adults had more positive ratio scores for all negative 
relative to happy faces (all ps < .05, d = .68-1.79). Furthermore, ratio scores were 
more positive for sad (p < .001, d = 1.07) and anger (p < .01, d = .92) relative to 
disgust. For older adults, ratio scores were more positive for sad relative to happy (p 
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< .01, d = .81) and disgust (p < .05, d = .68) faces. However, there were no significant 
effects or interactions with gaze direction. Contrary to predictions, older adults did 
not demonstrate diminished eye relative to mouth fixation for any of the emotion 
categories in comparison to younger adults. Rather, both younger and older adults 
(although not as robustly for older adults) showed greater eye relative to mouth 
fixation for faces assumed to be more discriminable through the eyes (i.e., anger, fear, 
and sadness) relative to the mouth (i.e., happiness and disgust). 
Resting RSA 
 A one-way ANOVA was conducted to assess age differences in resting RSA. 
As expected, a significant age effect emerged, F(1,40) = 15.31, p < .001, η2 = .28. As 
shown in Table 1, younger adults had a higher resting RSA in comparison to older 
adults. 
Predictors of Recognition 
Initial predictions centered specifically on whether fixation patterns and/or 
physiological metrics could help explain likely age differences in emotion recognition 
ability (particularly for emotions where age differences are most common). However, 
given the general age equivalence in recognition ability (with the exception of averted 
fear), questions turned to examining potential variables that could help explain the 
lack of general age differences. Along the lines of our original intent, we examined 
the fixation metrics and resting RSA patterns as potential predictors of recognition 
ability (particularly the moderating influence of these variables). We also focused on 
the atypical cognitive functioning results obtained with this sample, whereby older 
adults outperformed younger adults on our composite FL measure. Hence, we 
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examined the moderating influence of fixation patterns (eye relative to mouth ratios), 
resting RSA, and FL scores on recognition performance, separately within each 
emotion category. Therefore, the age equivalence for averted fear may be accounted 
for by any of these covariates. We used PROCESS (Hayes, 2013) in SPSS to conduct 
the moderation analyses, separately for each emotion category, to see if any of these 
covariates moderated or influenced recognition performance. Within each of the 
moderation models conducted (specifically Model 1 in process), age was set as the 
independent predictor variable, and recognition accuracy as the dependent variable. 
Variables that were significantly correlated with any of the recognition scores (i.e., 
fixation ratios, RSA, or FL scores) were treated as moderating variables. Moderation 
effects were determined by building an interaction term—Age × Covariate—into the 
model. The moderating role of the covariate was determined via whether the 
interaction term reached statistical significance at p < .05.  
Happy recognition. Both younger and older adults were near ceiling in their 
recognition for happy faces, regardless of gaze direction. Furthermore, there were no 
significant correlations between fixation ratios, cognitive performance, or resting 
RSA on either direct or averted happy recognition. Given that age differences were 
not expected for this category, the lack of any association among these predictors is 
not surprising.  
Anger recognition. Again, no significant age differences emerged for either 
direct or averted anger recognition. Furthermore, there were no associations between 
fixation ratios or RSA on recognition. However, there was a significant positive 
correlation between FL scores and averted anger recognition, r(40) = .31, p < .05. 
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Thus, we examined whether age equivalence on averted anger recognition would be 
moderated by FL performance. No significant Age × FL interaction in predicting 
recognition emerged, t(1,40) = 1.25, p = .22, d = .40; thus, comparable age-related 
anger averted recognition performance was likely not accounted for by our FL 
composite measure.   
Disgust recognition. No significant differences emerged between younger 
and older adults on either averted or direct disgust recognition. Furthermore, no 
significant correlations were observed for fixation ratios or RSA on disgust 
recognition. However, there was a significant positive correlation between FL scores 
and direct disgust recognition, r(40) = .36, p < .05. However, as with the averted 
anger recognition analysis, there was no significant Age × FL interaction for 
predicting direct disgust recognition, t(1,40) = 1.69, p = .10, d = .54.  
Sad recognition. No significant age differences were observed for averted or 
direct sad recognition. Furthermore, there were no significant associations between 
fixation ratios, RSA, or FL scores on recognition accuracy. 
Fear recognition. As revealed from the omnibus ANOVA for recognition, 
older adults outperformed younger adults on averted fear recognition. However, there 
were no significant associations between averted fear recognition and averted fear 
fixation ratios. There was, however, a significant and positive correlation between 
direct fear fixation ratios and direct fear recognition, r(40) = .40, p < .01, whereby 
greater eye relative to mouth fixation predicted better recognition accuracy. However, 
the Age × Fixation Ratio interaction predicting direct fear recognition was non-
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significant, t(1,40) = 1.09, p = .28 d= .35. No other associations with FL scores or 
RSA were observed for direct or averted fear recognition.  
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CHAPTER IV 
DISCUSSION 
 
 
The present study examined how potential age differences in emotion 
recognition could be influenced by specific stimulus factors (i.e., manipulating 
stimulus eye gaze) and facial viewing patterns. With prior literature suggesting that 
younger adults are particularly more adept at recognizing certain emotion 
expressions, namely negative expressions, in comparison to older adults 
(Mienaltowski et. al, 2013; Murphy & Isaacowitz, 2010; Ruffman et al., 2008; 
Slessor et al., 2010), we examined whether age differences could be attenuated, at 
least in some cases, through these stimulus manipulations. In turn, it was possible that 
gaze direction information would boost viewing patterns to features that would assist 
older adults’ recognition ability. Therefore, the goal of the present study was to 
further explore factors relevant to explaining or alleviating age differences in emotion 
recognition task performance. 
 No Evidence for Age Related Declines in Recognition 
 A preponderance of evidence suggests that younger adults outperform older 
adults on standard emotion recognition tasks, particularly when assessing recognition 
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for anger, fear, and sadness stimuli (Isaacowitz et al., 2007; Murphy & Isaacowitz, 
2010, Ruffman et al., 2008). However, older adults are comparable to younger adults 
when recognizing positive emotions (e.g., happy expressions: Charles & Campos, 
2011). In terms of overall recognition accuracy in the current study, and contrary to 
initial predictions, older adults did not show decrements in performance in terms of 
general recognition for anger, fear, and sadness. In fact, older adults actually 
outperformed younger adults when viewing averted fear faces. While we originally 
predicted that gaze direction information could help boost older adults’ recognition 
performance, it was a bit surprising to find older adults demonstrate superior 
performance to the younger adults.  
Previous literature suggests that facial gaze direction can be particularly useful 
for accurate emotion perception (Adams & Kleck, 2005). Standard emotion 
recognition paradigms typically utilize static faces that display a direct gaze at a high 
emotional intensity. While direct gaze information can be helpful with recognizing 
certain emotions (i.e., anger and happiness), averted gaze information tends to boost 
performance for others (i.e., fear and sadness; see Adams & Kleck, 2003). While 
Adams and Kleck’s work was primarily done with younger adult samples, the present 
study revealed that gaze direction information may have been particularly impactful 
for older adults’ recognition, especially within an emotion category where this benefit 
was assumed: averted fear. Therefore, pairing an averted gaze direction with the 
appropriate target expression may have enhanced older adults’ recognition for that 
emotion given the potential contextual salience of this manipulation. This may be in 
line with previous studies showing that additional contextual information can boost 
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older adults’ recognition performance. For instance, Noh and Isaacowitz (2013) had 
participants view expressions of anger and disgust when specific context clues were 
provided on certain trials (i.e., a raised fist paired with an angry face or a bag of rotten 
food paired with a disgust face). Older adults’ abilities to discriminate anger from 
disgust were aided by this contextual information. Thus, in terms of the present 
results, the appropriate context clue provided by an averted fear gaze could have been 
very beneficial to our older adult sample.   
Potential Mechanisms Underlying Age Equivalence in Recognition 	  	   Visual	  scan	  patterns.	  Prior studies have suggested that visual scan patterns 
toward certain facial features could influence accurate facial emotion recognition 
(Sullivan, Ruffman, & Hutton, 2007). For instance, certain emotions are more easily 
discriminated from eye regions relative to mouth regions of the face or vice versa 
(i.e., eye region information helps distinguish anger, fear, and sadness while mouth 
information helps delineate happiness and disgust). With evidence suggesting that 
older adults spend less time engaging with eye information when viewing facial 
stimuli (and more time fixated on mouth regions) particularly for anger, fear, and 
sadness  (Murphy & Isaacowitz, 2010; Sullivan et al. 2007, Wong et al, 2005), this 
may account for age differences in recognition for those emotional categories. 
However, in terms of fixation patterns within the current study, no between age group 
differences emerged. Overall, participants, regardless of age, spent more time fixating 
on eye relative to mouth regions for the emotion categories where eye information 
was more important for discrimination (anger, fear, and sadness) relative to categories 
where mouth information was more informative (happiness and disgust). This was 
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qualified by a significant Age × Emotion interaction whereby the emotion effects 
were greater for younger adults; older adults generally demonstrated greater eye 
relative to mouth fixation across all emotion categories (with a significant increase for 
sad relative to happiness and disgust).  Thus, contrary to previous studies, older adults 
showed noticeable engagement with eye regions for all emotion categories (as 
indicated by the positive ratio scores in Figure 2), which may have benefited their 
recognition performance. However, assessments of relationships between scan 
patterns and recognition did not necessarily account for the age equivalence (or age 
differences for averted fear) across the emotion and gaze direction categories.  
It is possible that the visual scan metrics used were not sensitive enough to 
reveal a link between attentional patterns to certain facial features and recognition 
performance. Associations between visual attention patterns and recognition were 
conducted on ratio scores accounting for time spent fixating on eye relative to mouth 
regions. This was done to examine whether more eye relative to mouth fixation might 
correlate with recognition for anger, fear, and sadness while less eye (or more relative 
mouth) fixation would be associated with happiness and disgust recognition. While 
this metric could not account for age equivalence or age differences in recognition, it 
is important to note that older adults appeared to engage adequately with facial 
features supportive of recognition. Thus, additional factors, perhaps above and 
beyond attentional mechanisms, could be contributing to older adults’ emotion 
recognition competency in the current study. 
Cognitive and physiological factors. Apart from facial processing 
explanations for the general lack of age differences in recognition, we addressed 
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additional variables that may have impacted the present findings. Research is 
somewhat inconsistent on whether general, age-related cognitive deficits could 
account for age differences in emotion recognition ability (Murphy & Isaacowitz, 
2010; Suzuki & Akyama, 2013). However, some authors have argued that the ability 
to engage attention for accurate facial identification in old age is influenced by 
adequate frontal lobe functioning (Wong et al., 2005). Thus, we specifically assessed 
whether a composite measure of frontal lobe (FL) functioning would influence either 
the fixation patterns or recognition performance observed in the present study. 
Surprisingly, we found that older adults actually outperformed younger adults on the 
FL tasks. However, while FL scores were associated with recognition for some of the 
emotion and gaze categories, there was no indication that these cognitive variables 
impacted recognition performance more so for older relative to younger adults. 
Nevertheless, the cognitive health of the current sample may still be relevant, 
particularly when comparing across different studies assessing older adults’ emotion 
recognition performance. It could be that we tapped into a remarkably healthy sample 
of older adults. However, when comparing performance on the FL tasks with other 
older adult samples using these same measures (see Allard & Kensinger, 2014) 
comparable FL task is observed. However, whether our sample of older adults is 
comparable in terms of cognitive functioning to older adults assessed in prior emotion 
recognition studies cannot be adequately determined (namely due to the discrepant 
cognitive tasks employed across various studies).  
In terms of physiological correlates, we examined resting RSA as a potential 
explanatory variable given its association with emotion recognition in other 
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populations demonstrating emotion recognition difficulties (i.e., children with autism; 
Bal et al., 2010). While younger adults demonstrated higher resting RSA values 
compared to older adults, RSA was not significantly correlated with recognition for 
younger or older adults across emotion categories and gaze direction (and RSA was 
not significantly associated with any of the fixation and cognitive performance 
metrics). One possible limitation of our RSA metric was the fact that our baseline 
assessment instructed participants to “breathe normally” while sitting still and quiet 
for roughly 3 minutes. The mere suggestion that participants should “breathe 
normally” may have caused them to be self-conscious about their physiological 
output. Given that RSA is highly influenced by individual differences in breathing 
rates, a regimented “paced breathing” task that aligns each participant’s breathing rate 
onto the same frequency would have been beneficial. Furthermore, while we focused 
on a baseline metric of physiological responding for predicting emotion recognition 
performance, future studies should assess potential age differences in physiological 
reactivity when viewing these facial stimuli and the resultant effects on recognition 
abilities.  
Task and stimulus factors. While certain within-participant variables (i.e., 
fixation patterns, cognitive ability, physiological metrics) did not seem to fully 
explain the nature of older adults’ adept recognition in the present study, it is possible 
that aspects of the task employed could have impacted performance. The present task 
was distinct from previous aging and emotion recognition studies in a couple of ways. 
For instance, we presented participants facial images for 2 seconds, followed by an 8-
second interval prior to participants actually making their responses. Previous studies 
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often use self-paced formats (e.g., Isaacowitz, 2007; Sullivan et al., 2007; Wong et al. 
2005) whereby participants provide responses based on a series of alternatives that 
are presented simultaneously with the facial images. The key difference in the present 
study was the delay between face presentation and response. Perhaps the extra time 
between the face presentation and decision in the present study changed the nature of 
the task in a way that influenced how older adults were deliberating. Especially 
during non-timed tasks, older adults may overly analyze the possible alternatives or 
second-guess themselves (especially when trying to distinguish anger, fear, and 
sadness). However, the short presentation time and resultant delay may have worked 
to older adults’ benefit by having them make a quick (and likely accurate) initial 
decision as to the emotion displayed and maintain that impression in mind before the 
response (rather than juggling between various possible alternative expressions).  
Another possibility is that rather than boosting older adults’ performance, the 
8-second delay could have hampered younger adults’ performance. A recent study 
argued that the natural tendency for younger adults in standard emotion recognition 
tasks is to make fairly quick and decisive judgments. However, any manipulation to 
“slow down” this process can negatively impact performance. For instance, Stanley & 
Isaacowitz (in press) provided motivational instructions to younger and older adults 
during an emotion recognition task (i.e., justify the reasons for choosing a particular 
emotion for each face). This manipulation led to diminished recognition performance, 
overall, for younger adults in comparison to a no-motivation condition. The authors 
argued that the motivation manipulation likely had a negative impact on younger 
adults’ natural tendencies for making quick recognition judgments. Similarly, the 8-
	  28	  
second delay used in the present study could have had a similar effect, slowing down 
younger adults’ decision making, leading to the general lack of age effects observed 
across several of our categories. Future research is needed to interrogate how specific 
presentation timing and motivational manipulations impact younger and older adults’ 
emotion recognition performance.   
Limitations and Future Directions 
A few study limitations should be noted. For one, after excluding several 
participants due to poor eye tracking data, our final sample size was somewhat small, 
which could influence the interpretation of our results. However, the present sample 
is in line with a few previous studies that have included 20-30 participants per age 
group (Sullivan et al., 2007; Wong et al., 2005). However, when trying to assess 
predictors of recognition in the present study, a larger sample size may have been 
more appropriate. Another potential limitation was only including one positive facial 
emotion category. Consistent with previous research (e.g., Isaacowitz et al., 2007), we 
observed ceiling effects across the entire sample for happy recognition, which is 
likely due to these faces being easily discriminated from 4 other negative emotion 
categories. Thus, future research should incorporate more than one positive emotion 
(i.e. joy or hopeful) in order to better address the full range of emotion recognition 
capabilities across adulthood and old age.  
Another potential limitation was the use of proportional recognition scores 
and ratio fixation scores as our main dependent variable. Given that this metrics do 
not fall along a true normal distribution, this can cause issues with normality 
assumptions for an analysis of variance. However, recognition proportions have been 
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used in several previous studies in this literature (Isaacowitz et al., 2007; Stanley & 
Isaacowitz, in press), as well as ratio fixation scores in prior eye tracking studies (see 
Isaacowitz et al., 2006). Thus, we are fairly confident that issues regarding normality 
did not greatly impact our main findings. 
The delay interval between stimulus presentation and recognition response 
may have been a key factor impacting performance for the present sample. This 
manipulation could have had potentially beneficial effects for one group (less 
opportunity to vacillate between response alternatives among older adults) and 
detrimental for another (slowing down younger adults’ natural performance 
tendencies). While not the initial focus of the present study, the role of stimulus and 
response timing would be an appropriate direction for future research.  
Finally, the present study included static facial expressions of a single 
stimulus set, whereby results might not generalize to other facial images (e.g., images 
that vary on race or age dimensions). Furthermore, recognition of posed, static 
expressions is not overly reflective of how people read and process emotional 
information in the real world.  
Along the lines of previous research using more realistic emotion recognition task 
scenarios (Stanley & Isaacowitz, in press) and more salient contextual information 
(Noh & Isaacowitz, 2013), future studies should continue to probe the varied and 
dynamic factors that impact emotion recognition abilities across adulthood and old 
age. The manipulations used in this study (i.e. gaze direction) could be further 
assessed by varying the presentation paradigm (i.e. delay, response timing) for 
adjudicating age-trajectories in emotion perception. Our present findings can only tell 
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part of the story as to why we observed an elimination of age differences in emotion 
recognition; further research is needed to determine what other mechanisms are 
useful for producing accurate emotion recognition throughout adulthood and old age. 
Conclusions 
The present study revealed that providing certain contextual cues (i.e. gaze 
direction) could perhaps modulate or eliminate age-related decrements in facial 
emotion recognition. Furthermore, certain task manipulations (i.e., stimulus and 
response timing) likely had a significant impact on performance for both age groups. 
Overall, our results revealing that older adults were able to perform quite adeptly on a 
posed facial emotion recognition task has very compelling implications for how 
stimulus and task factors can influence conclusions regarding the nature of age-
related trajectories in social competency across adulthood. Further research should 
continue taking nuanced approaches to understanding the complex nature of emotion 
recognition abilities across the adult lifespan.  
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Footnote 
1	  This presentation duration and intervening period prior to the response was part of 
an additional assessment regarding the role of cardiac orienting responses on emotion 
perception, which will not be discussed in the present paper. 
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Table 1. Cognitive and affective performance measures  
 Younger Adults  Older Adults   
Measure M SD  M SD F η2 
Neuroticisma 3.14 .51  2.36 .64 21.01*** .34 
Agreeablenessa 3.84 .62  4.07 .52 1.75 .04 
Conscientiousnessa 3.46 .43  3.93 .32 15.89*** .28 
Opennessa 3.62 .46  3.83 .50 1.99 .05 
Extroversiona 3.27 .63  3.51 .61 1.55 .04 
LOTb 21.95 4.34  25.19 4.92     5.12* .11 
CES-Dc 15.19 11.07  6.05 5.39 11.58** .22 
STAId 42.67 8.67  30.90 7.49 22.12*** .36 
PAe 38.57 4.94  38.90 4.55 .05 .00 
NAf 21.14 5.67  14.29 3.87 20.94*** .34 
FL Compositeg -.84 2.07  .84 1.95 7.38* .16 
Shipleyh 27.05 4.15  34.48 3.46 39.67*** .50 
Resting RSA 6.45 1.46  4.62 1.57 15.31*** .28 
Note. aBig 5 Personality subscales (Goldberg, 1999).  
bLife Orientation Test (Scheier & Carver, 1985).  
cCenter for Epidemiological Studies Depression Scale (Radloff, 1977).  
dTrait subscale of the State-Trait Anxiety Inventory (Spielberger, Gorsuch, Lushene, 
Vagg, & Jacobs, 1983).  
e,fPositive and Negative Affect subscales of the Positive and Negative Affect 
Schedule (Watson, Clark, & Tellegen, 1988). 
gComposite measure of general frontal lobe functioning (Glisky, Polster, & 
Routhieaux, 1995)  
hShipley Vocabulary Test (Zachary, 1986) 
***p < .001, **p < .01, *p < .05.  	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Figure 1: Emotion recognition accuracy across age, emotion type, and gaze direction.  
Error bars represent standard errors of the mean. 	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  Figure 2: Eye/mouth fixation ratios across age and emotion types.  Error bars 
represent standard errors of the mean. 	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APPENDIX A: Sample Stimulus Set Langner et.al, 2010) 
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APPENDIX B: Participant Screening Questionnaire 
 
Participant Screening Questionnaire (to be administered via telephone or 
sent via email for the participant to fill out; all responses will be kept 
confidential): 
 
 
Name: 
 
Age: DOB: Gender: Male  Female 
Phone:  US Citizen/Res. Alien Y  N 
Address:  Apt: City: Zip:  
Email:  
Years of Education:  
Height: Weight: Best time to reach you?  
 
Are you a native speaker of English? If not, did you begin speaking English 
before the age of 6?  Y  N 
 
Do you have normal or corrected to normal vision?  Y  N 
 
Are you colorblind?  Y  N 
 
Do you wear a hearing aid?  Y  N 
 
Do you have a history of any learning disorder (e.g., ADD, ADHD, dyslexia)? 
 Y  N 
 
Do you have any history of emotional or psychiatric problems (such as 
depression or anxiety disorder)?  Y  N 
 
If yes, how recent:  
 
Are you currently taking any anti-depressant medications (e.g., SSRIs, 
benzodiazepines)?  Y  N 
 
Have you had electroconvulsive therapy (ECT)?  Y  N 
 
Do you have a diagnosis of a neurological or movement disorder?  Y  N 
 
Have you had any major head trauma (e.g., a concussion) within the last two 
years?  
 Y  N 
 
Have you had any eye surgery within the last 6 months (e.g., cataract 
surgery)?  
 Y  N 
	  43	  
 
Have you been diagnosed with an eye disorder (e.g., glaucoma, macular 
degeneration)?  Y  N 
 
Do you have any history of heart disease?  Y  N 
 
Have you had open-heart surgery within the last 2 years?  Y  N 
 
Do you have any history of vascular disease?  Y  N 
 
Have you had a stroke?  Y  N 
 
Do you have untreated high blood pressure?  Y  N 
 
Do you have a history of seizures?  Y  N 
 
Do you have electrodes implanted for pain control or for seizures?  Y  N 
 
Do you have any history of alcohol or drug abuse?  Y  N 
 
Do you have diabetes?  Y  N 
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APPENDIX C: Demographic Questionnaire 
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APPENDIX D: Short Form NEO-PI 
 
NEO 
 
Please indicate how well each statement describes you. Choose numbers from the 
following scale and place them in the blanks preceding the items.  
 
1 2 3 4 5 
Very 
inaccurate 
Moderately 
inaccurate 
Neither 
inaccurate nor 
accurate 
Moderately 
accurate 
Very accurate 
___1. Am the life of the party. 
___2. Feel little concern for others 
___3. Am always prepared. 
___4. Get stressed out easily 
___5. Have a rich vocabulary 
___6. Don't talk a lot 
___7. Am interested in people. 
___8. Leave my belongings around. 
___9. Am relaxed most of the time. 
___10. Have difficulty understanding abstract ideas. 
___11. Feel comfortable around people. 
___12. Insult people. 
___13. Pay attention to details. 
___14. Worry about things. 
___15. Have a vivid imagination. 
___16. Keep in the background. 
___17. Sympathize with other’s feelings. 
___18. Make a mess of things. 
___19. Seldom feel blue. 
___20. Am not interested in abstract ideas. 
___21. Start conversations. 
___22. Am not interested in other people’s problems.  
___23. Get chores done right away. 
___24. Am easily disturbed.  
___25. Have excellent ideas. 
___26. Have little to say. 
___27. Have a soft heart. 
___28. Often forget to put things back in their proper place. 
___29. Get upset easily. 
___30. Do not have a good imagination.  
___31. Talk to a lot of different people at parties. 
___32. Am not really interested in others. 
___33. Like order. 
___34. Change my mood a lot. 
___35. Am quick to understand things. 
	  46	  
___36. Don’t like to draw attention to myself. 
___37. Take time out for others. 
1 2 3 4 5 
Very 
inaccurate 
Moderately 
inaccurate 
Neither 
inaccurate nor 
accurate 
Moderately 
accurate 
Very accurate 
___38. Shirk my duties. 
___39. Have frequent mood swings. 
___40. Use difficult words. 
___41. Don't’ mind being the center of attention. 
___42. Feel others’ emotions. 
___43. Follow a schedule. 
___44. Get irritated easily. 
___45. Spend time reflecting on things. 
___46. Am quiet around strangers. 
___47. Make people feel at ease. 
___48. Am exacting in my work. 
___49. Often feel blue 
___50. Am full of ideas. 
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APPENDIX E: PANAS 
 
PANAS 
 
The words listed below describe different feelings and emotions. Read each item and 
then, in the space next to that word, indicate the extent to which you GENERALLY 
feel that way; that is, how you feel on average.  
1 2 3 4 5 
Very slightly or 
not at all 
A little 
 
Moderately Quite a bit Extremely 
 
_____ Interested  _____ Irritable 
_____ Distressed  _____ Alert 
_____ Excited  _____ Ashamed 
_____ Upset  _____ Inspired 
_____ Strong  _____ Nervous 
_____ Guilty  _____ Determined 
_____ Scared  _____ Attentive 
_____ Hostile  _____ Jittery 
_____ Enthusiastic   _____ Active 
_____ Proud  _____ Afraid 
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APPENDIX F: CES-D 
 
CESD 
 
Below is a list of ways you might have felt or behaved. Please indicate how often you 
have felt this way during the past week by circling the number at the end of each 
statement corresponding to the four numbered statements listed between the lines 
below. 
 
During the Past week  0. Rarely or none of the time (less than 1 day) 
   1. Some or a little of the time (1-2 days) 
   2. Occasionally or a moderate amount of time (3-4 
days) 
   3. Most or all of the time (5-7 days) 
 
1. I was bothered by things that usually don’t bother me. 0 1 2 3 
2. I did not feel like eating; my appetite was poor. 0 1 2 3 
3. I felt that I could not shake off the blues, even with 
help from my family and friends 
 
0 
 
1 
 
2 
 
3 
4. I felt that I was just as good as other people. 0 1 2 3 
5. I had trouble keeping my mind on what I was doing. 0 1 2 3 
6. I felt depressed.  0 1 2 3 
7. I felt that everything I did was an effort.  0 1 2 3 
8. I felt hopeful about the future. 0 1 2 3 
9. I thought my life had been a failure. 0 1 2 3 
10. I felt fearful. 0 1 2 3 
11. My sleep was restless 0 1 2 3 
12. I was happy. 0 1 2 3 
13. I talked less than usual. 0 1 2 3 
14. I felt lonely. 0 1 2 3 
15. People were unfriendly. 0 1 2 3 
16. I enjoyed life. 0 1 2 3 
17. I had crying spells. 0 1 2 3 
18. I felt sad. 0 1 2 3 
19. I felt that people disliked me. 0 1 2 3 
20. I could not get “going.” 0 1 2 3 
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APPENDIX G: STAI 
 
STAI 
 
A number of statements which people have sued to describe themselves are given 
below. Read each statement and then circle the appropriate number to indicate how 
you generally feel. There are no right or wrong answers. Do not spend too much time 
on any one statement, but give the answer that seems to describe how you generally 
feel.  
 
Generally:  1. Almost Never 
   2. Sometimes 
   3. Often 
   4. Almost always  
 
1. I feel pleasant. 1 2 3 4 
2. I feel nervous and restless. 1 2 3 4 
3. I feel satisfied with myself 1 2 3 4 
4. I wish I could be as happy as others seem to be 1 2 3 4 
5. I feel like a failure 1 2 3 4 
6. I feel rested 1 2 3 4 
7. I am “calm, cool, and collected.” 1 2 3 4 
8. I feel that difficulties are piling up and I cannot 
overcome them. 
 
1 
 
2 
 
3 
 
4 
9. I worry too much about something that really doesn’t 
matter. 
 
1 
 
2 
 
3 
 
4 
10. I am happy. 1 2 3 4 
11. I have disturbing thoughts. 1 2 3 4 
12. I lack self-confidence. 1 2 3 4 
13. I feel insecure 1 2 3 4 
14. I make decisions easily. 1 2 3 4 
15. I feel inadequate. 1 2 3 4 
16. I am content. 1 2 3 4 
17. Some unimportant thought runs through my mind 
and bothers me. 
 
1 
 
2 
 
3 
 
4 
18. I take disappointments so keenly that I can’t put 
them out of my mind. 
 
1 
 
2 
 
3 
 
4 
19. I am a steady person. 1 2 3 4 
20. I get in a state of tension or turmoil as I think over 
my recent concerns and interests 
1 2 3 4 
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APPENDIX H: LOT 
 
LOT 
 
Please indicate how well each statement describes you. Choose numbers from the 
following scale and place them in the blanks preceding the items.  
 
1 2 3 4 5 
I agree a lot I agree a little I neither agree 
nor disagree 
I disagree a 
little 
I disagree a lot 
___1. In uncertain times, I usually expect the best. 
___2. It’s easy for me to relax. 
___3. If something can go wrong for me, it will. 
___4. I’m always optimistic about my future. 
___5. I enjoy my friends a lot. 
___6. It’s important for me to keep busy. 
___7. I hardly ever expect things to go my way. 
___8. I don’t get upset too easily. 
___9. I rarely count on good things happening to me. 
___10. Overall, I expect more goo things to happen to me than bad. 	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APPENDIX I: Shipley 
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APPENDIX J: MMSE 
 
  
	  53	  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
	  54	  
APPENDIX K: Backward Digit Span 
 
BACKWARDS DIGIT SPAN 
 
 
Item 
 
Correct Response 
Score 
0 or 1 
1 Trial 1 2-4 (4-2)   
 Trial 2 5-7 (7-5)   
2 Trial 1 6-2-9 (9-2-6)   
 Trial 2 4-1-5 (5-1-4)   
3 Trial 1 3-2-7-9 (9-7-2-
3) 
  
 Trial 2 4-9-8-6     (6-8-9-4)  
4 Trial 1 1-5-2-8-6  (6-8-2-5-1)  
 Trial 2 6-1-8-4-3   (3-4-8-1-6)  
5 Trial 1 5-3-9-4-1-8   (8-1-4-9-3-5)  
 Trial 2 7-2-4-8-5-6   (6-5-8-4-2-7)  
6 Trial 1 8-1-2-9-3-6-5   (5-6-3-9-2-1-8)  
 Trial 2 4-7-3-9-1-2-8   (8-2-1-9-3-7-4)  
7 Trial 1 9-4-3-7-6-2-5-8  (8-5-2-6-7-3-4-9)  
 Trial 2 7-2-8-1-9-6-5-3  (3-5-6-9-1-8-2-7)  
 
 
INSTRUCTIONS: “I am going to say a series of numbers out loud to you. Please 
repeat these numbers back to me in REVERSE order. For instance, if I said the 
numbers 3-6; you would say _______.” 
 
Note: Discontinue the task once the subject misses both trials within the same item. 
Each trial is worth one point. Tabulate the number of points (out of a possible 14) at 
the end of the task.  
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APPENDIX L: Mental Control 
 
Time responses to the series of 
information below 
 
Response 
Time 
# of 
Errors 
Accur
acy 
Score 
 
Bonus Points 
Score 
(0-5) 
 
1 2 3 4 5 6 7 8 9 10 11 12 13 14  
 
15 16 17 18 19 20 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
7+’ 5-6’  4’  1-3’ 
 
 
0      1     2     3 
 
 
A B C D E F G H I J K L M N O 
 
P Q R S T U V W X Y Z 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
7+’ 5-6’  4’  1-3’ 
 
 
0      1     2     3 
 
 
 
Sun Mon Tue Wed Thur Fri Sat 
 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
4+’     2-3’   1’    
 
 
0          2      3 
 
 
Jan Feb March April May June 
 
July Aug Sept Oct Nov Dec 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
5+’       4’    1-3’ 
 
 
0           2     3 
 
 
20 19 18 17 16 15 14 13 12 11  
 
10 9 8 7 6 5 4 3 2 1 
 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
11+’ 8-10’  6-7’  1-5’ 
 
 
0         1        2      3 
 
 
 
Sat Fri Thur Wed Tue Mon Sun 
 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
6+’     5’       4’    1-3’ 
 
 
0        1         2       3 
 
 
Dec Nov Oct Sept Aug July June 
 
May April March Feb Jan 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
17+’ 12-16’  10-11’  1-9’ 
 
 
0          1          2         3 
 
 
(0) Sun (6) Mon (12) Tue (18)  
 
Wed (24) Thur (30) Fri (36) Sat 
 
 2       à      0 
 
1       à      1 
 
0       à      2 
 
21+’ 16-20’  13-15’  1-12’ 
 
 
0           1           2        3 
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INSTRUCTIONS: “I want you to state a series of information to me as quickly as 
possible. These series will include numbers, days of week, months of the year, etc. 
You will be timed during this task.” 
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APPENDIX M: FAS 
 
GENERATIVE NAMING (FAS) 
 
Word Fluency Measure 
 
Instructions: I am going to say a letter of the alphabet and I would like you to name as 
many words as you can think of that being with that letter. For example, let’s take the 
letter B. I could name the words ball, bar, beer, brick, baby. Can you think of some 
other words that being with that letter? (have the subject practice the task) 
 
Now I will say another letter and I’m going to time you for one minute. I cannot 
count numbers or names of people or places and do not repeat words with different 
endings like please, pleasing, pleasingly. Now, name as many words as you can think 
of that begin with the following letters: 
 
(Time the subject for one minute. Be sure to record every response and UNDERLINE 
ANY ERRORS.) 
 
F A S 
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
   
Total # F =  Total #A =  Total #S =  
Total # Correct Responses                 = (F+A+S)  
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APPENDIX N: Mental Arithmetic 
 
 
 
 	  	  
